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- remainder of the ore in the stream. Preferably the inven-
tion includes the step of determining the mass of each
ore particle and correlating the mass and radio-active

- emission measurements of the particle to determlne its
grade

-1 Claim, 5 Drawing Figures
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ORE SORTER

F IELD OF THE INVENTION
ThlS lnventlon relates to a ‘method of sortmg ore

ST havmg a radio-active component and to an ore sorter

. for sorting relatively high grade radio-active ore from
- lower grade ores. The word “ore” in this specification is -
. intended to include any mined materlal whtch has
B 'f-radlo-aetwe component ' -

BACKGROUND TO THE INVENTION -
Ore sortlng in dependenee on the radto active proper-

T tres of ore particles is known. In the majority of known
. . systems the ore particles to be sorted are fed, for reasons

| - of sorting economy, at a fairly high speed past a crystal

- scintillation detector which is positioned to one side

3
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ii'f  only of the path of the particles and which- measures the

i f-"f;'fradloactlve emission from the particles. Difficulties
S | __'w1th known systems are that firstly, radio active emis-

_sion from the particles is more often than not substan-
o tially directional due to emission shielding by the parti-
. cle material and it is possible that a high. grade particle

.: o ‘may not be detected by the crystal or only detected at

an. erroneously low emission level ‘and, secondly, the

o G emissions from the partlcles are sporadic and may there-
fore not be ptcked up by the erystal detector as a partl-

L o cle is moved at high speed past it.

- Both of these difficulties sertously 1mpa1r the sortmg

- efﬁcrency of machmes employing . radlo-actwe detec-
".-;]tlon e | | | .

OBJECT OF THE INVENTION .
It is the object of this mventlon to prowde a method

. and apparatus for minimising the difficulties mentioned.
... above ‘with known ‘radio-active: measurement sortlng
| .:-systerns S - |

SUMMARY OF THE INVENTION

E e -:j;.:_i'componﬁnt accordlng to the invention includes the

... .. steps of, passing a stream of the ore ‘through a ring
T N ;:;_;_detector to detect ore in the stream having a radio-
. active emission. intensity above a predetermined level

R _;and sortmg thts ore from the remamder of the ore in the

. stream..

SETE T “Inone form of the mventlon the method 1ncludes the
T ?_steps of, determlmng the mass of each particle of ore in -

~ the stream and correlating the mass of each partlele

" with the (}utPUt from the ring detector to arrive at a

TR, _'_;;E_jradto-actwe emission intensity to mass ratio above a
- predetermined level and sorting this ore from the re-

Es mamder of the ore in the stream.

20

2"-'? wrth reference to the drawings in which:
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to arrive at a radio-active emission intensity to mass
ratio for each particle with the sorting means being
driven by the. correlating means to sort the particles in
the stream-'into particles above and below a predeter-
mined radio-active emission intensity to mass ratio.
Preferably the sorter includes, a plurality of ring
detectors through which the feeding means is adapted
to feed the stream of ore and means for accumulating

“and averaging the outputs of the ring detectors to de-
10

rive an averager adio-active EIHISSIOH IHIEHSIIY measure-

~ment for each particle in the stream.

In this specification the term ring detector means a
detrice includinga passage defined by a wall which is

-substantially continuous in cross-section through which

a 'partiele of ore may be passed and which is capable of
measuring radio-active emissions from the particle in its

path through the passage. The detector may include

two crystals as herein described which between them
provide the particle passage or may alternatively con-

sist of a- plurahty of crystals which are arranged 51de by

srde m a ring to deﬁne the passage

BRIEF DESCRIPTION OF THE DRAWINGS

" The invention is now described by way of example

"FIG. 11is a dlagrammatle perspective view of one
embodlment of the ore sorter of the invention.
FIG. 2is a schernatle side e]evatlon of the ore sorter

30_ of FIG. 1,

"FIG.3isa dlagrammatlc side elevation of a second

-. embodlment of the ore sorter aocordtng to the inven-
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A method of sortlng ore whlch has a radro -active.
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IR Preferably the stream of ore is. passed through a plu-_ |
L g"iraltty of ring detectors and the method includes the step
~ of averaging the outputs of the detectors to arrive at an

335

. average radio-active emission intensity value for each _'

AR -partrcle in the stream.
| DI Accordmg to the tnventton there i is. further prowded |

~_an ore sorter for sortmg ore having a radio-active com-

DR jﬁff:,_ponent mcludmg a ring detector and means for sorting

' - ore which is detected by the ring detector to have a

- radlo-actwe emission intensity . above a predetermined
R leve] from the remainder of the ore in the stream.

Further accordmg to. the invention the sorter '1n-

o : :ﬁ:._lcludes means for determining the mass of each. particle _
... .. . oforein the stream and means for correlatlng the radio-
TR P -factwe emlsslon mtens:ty of each particle with its mass-
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FIG. 4 is a diagrammatic side elevation of a third

embodiment of the ore sorter of the invention, and
FIG. 5is a schematic side elevation of yet a further

,embodrment of the sorter of the invention.

-DETAILED DESCRIPTION OF THE
- - INVENTION

The 'e'mbodiment of the invention lllustrated in FIGS.
1 and 2 is shown in the drawings to consist of an endless
belt conveyor 10, a crystal scintillation detector indi-

“cated generally at 12, a vibration feeder 14, a rotary
brush 16, a mass meter 17 and an air jet sorter indicated”

genera]ly at 18. The crystal scintillation detector 12 is
located in a lead radro—actlwty shield not shown in the
drawings. - -
The crystal deteetor 12 consists of two rectangular
crystals 28 which each include a photo multiplier 30.
The crystal 28 which each mclude a groovewhich is
hemispherical in cross section and which when the
crystals are located as shown in FIGS. 1 and 2 between
them form a cylindrical passage through the composite

-.-crystal

A belt guide 32, whleh 1S made from a material which
will not shield radiation, passes through the passage in
the composite crystal and is adapted by shape to trough
the belt as it passes through the passage.

" The sorter 18 consists of one or more air jets 34 and
a ramp 36 which is so positioned relatively to the dis-

charge end of the conveyor 10 that a particle of ore

which is not deflected by the air jet or jets will be car-
ried by its momentum from the belt onto the upper

surface of the ramp.

. In use, ore is fed from the v1hratlon feeder 14 onto a
chute 38 which delivers it to the tail end of the con-
veyor 12. The brush 16 is driven at the same speed as



4,361,238

3

the conveyor belt and serves to decelerate the ore parti-
cles as they leave the chute 38. The particles are then
fed along the conveyor and into the passage through the
crystals 28. While passing along the troughed portion of
the conveyor belt all of the ore particles which may
previously have been spread across the width of the belt

are centralised on the belt on their passage through the
crystals. The crystal detector measures the radio-

activity of the particles passing through the passage and
stores the particular belt position of the particles having
a radio-active emission intensity above a predetermined
level in a memory in a computer, not shown, which is
linked to both the mass meter 17 and the sorter 18.

After being measured by the detector 12 for the ra-
dio-active content the ore particles are passed over the
mass meter 17 where the mass of the individual particles
i1s determined by deflection of the conveyor belt and
correlated with the radio-active measurements of the
particles.

The computer includes a tracking system for tracking
the position of individual ore particles on the conveyor
having a radio-active intensity, mass ratio above a pre-
determined level right up to the point when a particular
particle of ore leaves the conveyor and reaches the
discriminatory point of the sorter 18. When the particle
reaches the discriminatory point of the sorter a signal
from the computer will, in dependence on whether the
radio-active intensity, mass ratio of the particle is above
or below the predetermined level, either activate the air
jet 34 to deflect the particle below the ramp 36 onto a
conveyor, not shown, or de-activate the jet to allow the
particle to be projected under its own momentum from
the belt onto the ramp 36 and from there onto a con-
veyor not shown.

In the embodiments of the sorter illustrated in FIGS.
3 and 4 like reference numbers denote like components
to those of the FIGS. 1 and 2 embodiment. In the FIGS.
3 and 4 embodiments of the sorter of the invention the
crystal scintillation detectors are so arranged that the
passage through the composite crystal is vertically ori-
entated. The sorter 18 which operates in the same man-
ner as the embodiment illustrated in FIGS. 1 and 2 is
located below the passage through the crystal. In both
the FIGS. 3 and 4 embodiments ore particles are dis-
charged from the vibrator feeder 14 into a vertical
chute through which the particles of ore are guided into
the passage through the detector crystals.

The sorter illustrated in FIG. 3 includes at least two
rotary brushes 40 arranged in the particle guide chute as
illustrated in the drawing. In use, particles of ore are
dropped from the vibration feeder 14 into the chute and
axially aligned with the passage through the crystals by
the rotating brushes 40.

In the FIG. 4 embodiment of the invention the chute
consists of an annular chamber into which air under
pressure is fed to leave the chamber as jets adapted to
centralise all particles falling through the chute.

The mass determination of the particles in the FIGS.
3 and 4 embodiments of the sorter is accomplished by a
known light gate arrangement 41 which is located
across the particle path as it leaves the passage through
the crystal. The gate 41 is adapted to measure the length
of the particles and to determine their shape in two
dimensions during their passage through the gate. From
this information the mass of each particle is calculated
and correlated with its radio-active measurement as
with the embodiment of FIGS. 1 and 2 to determine the
category into which it is to be sorted by the sorter 18.
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Although the embodiments of the sorter illustrated
have only one detector 12 the sorters could, and prefer-
ably do, include two or more detectors which are lo-
cated sertally around the particle stream path. These
detectors are electrically adapted to accumulate the
radio-active emissions from each particle with the accu-

mulated emissions finally being averaged to arrive at an
average radio-active value for each particle which is

then correlated with its mass measurement. By this
means together with the fact that the detectors measure
the radiation emitted from each particle in all directions,
far more accurate radioactive measurements may be
made of each high speed particle with the method and
apparatus of the invention than with known methods
and machines. Additionally the invention provides an
accurate method of measuring the radio-active emission
of particles which have a lower emissive level than
could practically have been usefully measured and
sorted on prior art sorters.

The embodiment of the sorter illustrated in FIG. 5 is

intended for the blk sorting of granular material and
includes a hopper 42, a rotary batch feeder 44, a second
hopper 46 into which the batch feeder discharges and
which itself discharges through an elongated throat 48
which has a choked outlet and is surrounded by two
spaced crystal scintillation ring-detectors 12 and a me-
chanical sorter indicated generally at 50.
- The batch feeder 44 includes a disc shaped rotor
which carries a number of spaced circular openings or
pockets 52. The rotor is rotatable about its axis in a
housing which includes an inlet below the hopper 42
and an outlet into the hopper 46.

In use, the pockets 52 of the feeder 4 are filled from
the hopper 42 and sequentially discharged into the
hopper 46 which fills to a predetermined level which is
determined by parameters such as the dimensions of the
pockets 52, hopper 46, throat 48 and the choke at the
outlet of the throat 48 so that ore will gravitate through
the throat at an approximately constant rate. As the
particulate material including ore gravitates through
the throat 48 and past the detectors 12 the radiation
from each transverse band of ore in the throat 48 is
measured sequentially by each of the detectors 12 and
the measurements stored in a computer memory. The
two radio-active measurements relating to each particu-
lar band of ore are integrated as described above to
arrive at an average level of radio-activity for both
measurements of each band of ore which 1s then com-
puted with tracking information to derive a switching
signal for the sorter §0.

The sorter 50 includes an inlet chute which divides
into two outlet chutes and a gate 54 for closing either of
the outlet chutes.

When a batch of ore having an average radio-active

‘intensity above a predetermined level leaves the choke

of the throat 48 and reaches the discriminatory point of
the sorter the gate is operated to switch so that ore
above the predetermined radio-active intensity level is
discharged from one outlet while ore below the pre-
determined radioactive intensity level is dlscharged
from the other. |

The sorter 50 could include three discharge chutes
and two synchronised gates so that three grades of ore
may be sorted by the sorter.

The tnvention is not limited to the precise construc-
tional details as herein described. For example, the mass
meter 17 in the FIGS. 1 and 2 embodiments could be
replaced by a light gate, such as the gate 41 described
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R if :'} o Wlth reference to the FIGS 3 and 4 embodlments In

L '_,_',-'Spaee in the path of the ore partlcles as they leave the
SRR, ”-_;'f';conveyor 10 Addltlenally, the light gate 41 in the
~ .. FIGS. 3 and 4 embodiments could be located above the
L - ;_:partlcle passage through the crystals and in addition to
e .,determlmng the mass of the particles as they enter the o

.. passage the gate could be employed to limit the count
.. ‘timeofthe radiation detectors to only the time in which
©. . .eachparticleis thhm the immediate scan zone of the or

. each detector to minimise the effect that the radiation of
TR ._?-.}'.i.f'precedmg and following particles would- have on each B
" particle whlle in the 1mmedlate scan zone of a partleular
o detector. - -
R We claim
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1. Apparatus for the bulk sorting of particulate ore
~ which comprises:
‘means deﬁnmg a passage through which a stream of
the ore is contlnueusly moved under the action of
- gravity;
means for feeding individual batches of particulate
- ore into said passage defining means, said passage
defining means having a downwardly converging
- shape and being sized to hold a plurality of batches;
detector means adjacent the passage for providing a
measure of the radioactive emission mtensn:y of
successive transverse bands of the ore in the pas-
sage; and

means for sortlng the bands of ore on the basis of such

mecasurc.
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